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ESTABLISIUSNT OF AEROGENICALLY TRANSMITTED VIRUSES -
EXPERIKENTS ON SEDImENTATION OF VIRUS IN AEROSOLS

Zvnt ablatt fur &akteriolorie, Parasitenkunde,
Tnfektionskrankhniten und Hygiene
(Central Bulletin of Bacteriology, Parasitology,
Infectious Diseases, and Hygiene)
Vol 201, No 3, Nov 1966, pp 273-301, Jakob Petmezakis

Hospitalism, its causes and its control. confront scientists dealing
with this topic with some rather difficult problems. The exploration of the
manner in which viruses are spread, particularly the study of aerogenous
transmission, is particularly important here.

At the International Symposium on Smallpox Vaccination, Lyon, 1962,
acCallum tried to discuss and clarify the problems of smallpox virus coim-

munication at the smallpox stations as such and in the closer and broader
vicinity of hospitals; he thought that the escape of virus-containin; aero-
sols through the windows plays a great role here. He quoted the investiga-
tions of Power (1885) who systematically checked 1,000 houses in the vicin-
ity of a smAllpox hospital and who discovered the typically graduated occur-
once of smallpox cases; the origin theories on the communication of this
disease through the air are based on this. But not even 1AacCallum could be
sure of his explanation as to the way in which smallpox can be communicated
near hospltah. or whether thi was just an accidental infection. In his
opinion, however, we can be sure that infectious aerosols do develop in
smallpox wards and these aerosols can spread through the air. He indicated
that very careftul and thorough investigations are required +o answer this
question.

This problem became particularly important as a result of the out-
breaks of srallpox in 1961 and 1962 in North Rine .W stphaiia (Larmersdorf-
Simirerath, Kreis Yinnschau). In this connection, Anders (1963) reported

that a 9-year old girl supposedly became sick due to infection through
coughing because she was 20 meters away from sick persons inside the hos-
pital.

It is my purpose here to investigate the dynamics of an infectious
aerosol and to obtain a more accurate idea as to the mechanism of the aero-
Conous comunication of virus-corAitioned diseases. For this purpose I



-- performed experiments with virus-containing aerc'1ls:

(A) in the droplet phase
(B) in the dust phase

considering various factors which are at work I n the air and which may in-
fluence the aerosols.

Proertles of Aerosols

The viruses in the air are found there in the frrm of aerosols and
we find that the same physical-ohemical laws apply to the microbial aerosol
as to industrial aerosols.

By the term aerosols we mean colloid systems with gaseous dispersion
means. Liquid substances distributed in a colloid fashion are fogs or
mists whereas in the solid state they are various forms of dust. In an
isodispersed aerosol, all components roughly have the same size; a poly-
dispersed aerosol consists of particles of varying size. The suspended
particles contained in an aerosol can vary in size. Wo distinguish coarse-
dispersed (:> 10-5 cm diameter), colloid-dispor~ed (10"5 to 107 cm dia-
meter), and molecular-dispersed systems (4: 10" cm diameter)(Carlson 1960-
1961).

Compared to other colloid systems, aerosols generally contain a large
proportion of coarse particles (Sironson and Straumanis, 1949). It is
therefore difficult to get aerosols whose particles is loss than 200 mmnu.
Condensation aerosols (that is, aerosols vith condensed droplets) primarily
reveal particles whose diameter is about 600 mmu but we can often also en-
counter particles wiLh a size of about 20 n-.mu diameter.

The concentrations of the aerosols Remorally are between 1-1,000
mg/m3 . At higher concentrations, the particles cannot remain in suspension
for a lonicr period of time because they coagulate and become scdimentod.
As a result of this sedimentation, the aerosols are converted into aerogols
(gels result from the combination of tiny primary particles of A sol into
larger secondary particles); this is a process which is important in aero-
sol separation. Stokes' resistance equation applies only for coarse dust
particles and droplets ir4th a diameter of more than 20 mu (see formula he-
low, under subheading 2. Ecperiment).

The stabi lity of an aerosol depends on various environmental condi-
tions, such as, the electrical room charge, the air movement, the tempera-
t~re differonces, the degree of dilution, as well as the physical and chem-
ical character of the dispersion agent (Kliewo and Wasielewski, 1952).

The physical and chemical properties of a dispersion agent can in-
fluence the aerosol; for instance, when we atomize non-albumen containing
liquids, water evaporation is speoded up and the size rcircumforence' of
the droplets is thus reduced (Gaidamovich and Vlodavets, 1963). In other
words, virus particles can remain suspended in a non-albumen containing
liquid for a lonter time and in larger concentrations than in albumen-con..
taining liquids.
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*Put there is reason to assme that the onvi"orienttl factors
(F'owms molecular movement, electrical room charge) have a greater influ-
ence on the stability of an aorosol than the properties of the dispersed
portion. If we have an aerosol with extremely finely dispersed susponded
particles, we can observe a relatively fast agClomoration of the particles,
whereby we .t an average of 2.5 mu for the diameter. If we get this value
then the a ,rlomoration stops when the corresponding aerosol is present in a
high concentration (Remy, 1949).

Author's Tnvestiratios

Prenlirnary Fnp ri_ments

I selected bacteriophages as model for my" proliminary exnerirw:nt3
because they have no pathogenicity, because their presence can be estab-
lished quite readily, and because they roquire little in the way of prepara-
tion timo. In my preliminary experiments i was primarily interested in the
following ;

1. The applicability of Koch's sedimentation method (R. Koch);
2. The duration of suspension;
3. The dependence of the sedimentation tendoncy on the air humidity

in the experimentation chamber.

11aterial and iYethods

For rv preliminary experiments I used an airtight chamber with an
air volume of 357 liters in which a T bacteriophage suspension was atomized
by means of a medication atomizer (TY' e IN-1, Drarer Company, Lubeck).

The ato.-zer nozzle was connected to a cor.crssod-air bottle from
which gas flowed into a pressure-reducer throurh the bottle valve (see Fig-
ure 1). Here we can rruce the Fas to a lower wor?dng pressure and it then
flows in variable volu:-* through the irnersion tube and the atomizer noz-
zle into the atomizer bottle. ';hile paszin throurh the nozzle, the gas
sucks the phago-contanig liquid in and atomizes it. The nozzle should pro-
duce mostly particlei with a diameter of 1-5 mu (according to the Drager
Compan-, Tubock, tho average particle diameter is around 2 mu); however, I
cid not work out a breakdown of the particle size here.

Si, ,, - -.- 'i

Fig 1. Suction bottle, connected to vacuum pump. A
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,Nhon we investigate the behavior of phago-containing aersols, we

should use methods and apparatus which:

(a) will bo easy and fast to handle;
(b) will be equally easily and well applicable to coarse and to

small pha-o-containing, respectively, virus-containing dust particles;
(c) wi g antee the fpstest possible registration and identifi-

cation of all phages (respectively, vaccine-viruses) or phage-loaded part-

icles per volume of cir; and
(d) will facilitate the determination also of short-term changes in

the phage or virus conoentration.

The literature contains numerous methods iwi.ch can hp iis-d for th ,

establishment or counting of living microorganisms found in the air

(Albrecht, 1955).

In addition to the methods mentioned by Albrecht (1955) optical

me.,hods have also been used to establish the presence of microorganisms in

the air (Ferry, Farr and Hartman, 1949; Ferry, Farr, et al, 1951; 
Guckor and

O'Konski, 1949). But these methods are disadvantageous in that it is very

difficult to obtain a differentiation or specific identification of the

microorganisms with them and in some cases this is irpossible altogether.

Koch's sedimentation method is based on the Frinciple that particles

suppended in the air can be identified through the a.position or exposure

of plates. Of course, this method, compared to the aspiration methods

described under the heading of ain Exneriments, is not sufficiently accur-

ate; but it does offer the advantage that the atmosplhere in the experiment-

ation chanber is not "violated." I atorized 0.8 m of a bouillon-diluted

bacteriophage suspension containing 18,000 units per ml.

The air humidity was adjusted prior to each experiment by spraying

air with a spray bottle; here I had to make sure that the water droplets,

which for the time being were still nccossary to produce air hiidity,

would be sodimentod-out prior to the subsequent phao-atomizatdon. The

relative air humdity was controlled during the exper .uents with a hygrometer.

To perform Koch's sedimentation experiment, I used Petri dishes which 
con-

tained blue-Agar inoculated with the coli strain "B". After determination

of the experiment, the dishes were incubated for 24 hours in the incubator

at a temperature of 37 C.

r.3 T(b)

4 P4

At(SEU, (d)

Fig 2. Comparison of sedimentation of a virus aerosol with high and low

titer.
Key: a. number of viruses sedimented C. low

b. high d. time (hours)
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(a)

i s 2 2 ( f )

Fig 3. Dependence of sedimentation of a virus aerosol on relative air
humidity.

Key: a. number of viruses sedimonted d. modium
b. relative air humidity e. low
c. high f. time (hours)

Results of Preliminary Exnerimpnts

1. Experiment for determination of suspension time, respectively,
sedimentation tendency of a phage aerosol:

The prepared plates were exposed at 3 different points in the chamber
(designated with 1, II, and Iii in Table 1) for 10 rinutoz, each, at various
times, more specifically, during atomization, right afterward. and then 30
minutes, 1 hour, 1-1/2 hours, 2 hours, and 2-1/2 hours after atomization.

Fig 4. Introduction of Potri dishes, containing blue-agar and Coli B/am
into the experimentation chamber.

INOTREPRODUCILE

-5-



Table 1. Suspension ?mo and Sedimontation
Tendency of T3 Phagos

Exposure Sampling No of Phages Relative
Time Poirts Per Dish funldit Tomperttura

Prior to atomization,empty control 50% 20 ° C

During atomitation 
0II+ + 53% 21° C

III

Rirht after atomiza':,on I 30
(10 min exposure) II 25 54% 21.50 C

III 23

30 min after atomiation I 14
(10 ran exposure) II 16 53% 210 C

I1 17

1 hour after atomization 1 11
(10 min exposure) II 14 49% 21.20 C

III 12

1-1/2 hrs after atomiza- 1 7
tion (10 rain exposure) II 4 49% 210 C

I1 3
2 hrs after atomization I

(10 min exposure) II 50% 21.10
lII

2-1/2 hrs after atordza- I
tion (10 ran exposure) II 50% 21° C

III

Symbols: 4+ Phages cannot be counted
No phages

The relative humidity in the experimentation chamber corresponded to
the humidity prf.vailing in areas or rooms on our geographic latitudes
(40-50%); the temperature was about 20-220 C. The results obtained here
are shown in Table 1; this table shows us that phages can still be estab-
lished in the air 1-1/2 hours after atomization.

-6-
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Fig 6. Compact FL coil g-rowth usod to establish the virus avrosol (micro-
rc~A rihotorraph. en ar id 1:80).

2. Experiment for invosti7y'tion of influence of reduced relative
hun'dcity:

To achieve a lower relative humidity, we placed 'two disheb .;h di-y
calnium chloride on tho bottom of the experi.mentAtion chamber. Within 20
hours, the relative humidity dropped to 16-20',' and this was onourh for the
determinations we wanted to make here. Table 2, below shows us the results
achieved.

The number of phagos established on the Petri dishes had been reduced
in contrast to the numbers foundi at normal humidity; when the air humidity
was lower, the phage concentration in the chamber also decreased somewhat
more slowly.
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Tablo 2. 15'-imontation Tendency of T3 Ph.-o Aerosol
at Reduced Relativo Air h'mdity

,ntnnnhno. A, ril ,br . .

ltd| iir l';',.-,'.ILinu lrn l'h iii'n Lufifi'i,.ht, Ti'iu qraLuu

([ Advr (h) t* -12I

(10 Miin. YZIxi ltion)

Itimit.'n 2 C

[:m~20" t:lar C4

I tt I n"m ri 7
aoh 2'0."0l.M () 22,4"c

(10 Min. ExIvlXnitlon) III I

2I. .Si'i n I [

.a-h Venwir, h.-' R2 () '0%" .

(10 Min. L- ..oation) -11

2.A Stn,|n "

na-h 'rinte-Ii - ng (i) 11 IS, 22,51C

(10 Min. LE pLiton) 1l1

Kay: rfor Ito-s a -- m, se Koy, Table 1, above"
Symbols: + at the livit of countability

no phages

3. Ex-erihent on the influence of increased rolative air humidity
on the suspension time of the T3 pharo acrosols;

The oxperimontal setup here was the samo as in experincnts I and 2.
To achieve the desired relatdve air hunidity, we proceodo.1 ao dcscribod
above (control by moans of a kyj;romotor). Thblo 3 shows us that, in comhin-
ation with high nunidity, considerably more T, phao droplets' wore sodimentod
durlr, thL firs;t 33 rdinuteb than wen iIhn-:k: ,r- hlxdty w'as mvdimun or io;.
Subsoquontly, however, we observed a continual decrease in sedimentation.
The largo number of T3 pha.os. sdimcntoi durin the first 30 minutes after
atomization, caused a rapid docreaso in the phai-o concentration and this,
again, led to a shortening of the suspension time.

The results obtained in the preliminary experiments with rezpoct to
the influence of thi sutponsion tine and the relative humidity will be dis-
cussed togethsr with the results of the main oxperiments at the end of this
article.

- 8 -



Table 3. Somn-to odnyo T3 2hngvi Aerosol

7-t 1-- .:I 1IIP R: UO f, -,h" * TA P-vIrntur

(1 I ,t 1 I -i wn

1NI t I , 32'i
tim -I r",. N-hmg (k Ai 1 ~ ,2v'

2 t vI i Ir. ~n
riv~h Vvr-tvbv'uvig (mi) 1 i8%2J'
(10 Min k.1jvvttwv'v)

iNmy;; f-or itrns a -- m, so. Lvc,,vnd, Table 1, above'!
Symrbols:l-s carnct bc counted

.t at the countability limit
0 no pha :os

A. Drcn'1rt Pbmoa

To carry out the mrain oxncrimcnts, I usrd the experimentation cham'ber
and the nozzle rm~ployed in the prolimdiary cxucrimcnts. I sprayeO a vaccine
virus suspension whidch had bocn preptared as follows:

T or, he suspension was obtainoi from calf" raw mnaterial which had been
r-ou, un with bufferod cookir7 salt solution an~d glycerine (2. p, raw

rvitral -t2 ml NaCi + ( ml fglyerine). This susupension was diluted with

Lirks- rrf-iium + LH (lactaiburrdinhydrolysatc. texrt)He'.obc - and
lo~ilcr. 1,;61) and it was contrifu,-od at 7 3' G~ andi 1,030 rpm. Repeated ti-
tration revealed values of about 5 - 10 unitshrml.

There are two methods Whica turned out to be quite good in this
phase of the eperimentl
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1. Koch's sedimentation method without measurement of air volume;
2. The aspiration method.

1. Koch's Sedimentation !:othod

To establish viruses by means of Koch's sedimentation method, calls
of the FL strain wore bred in plastic cups or dishes with a diameter of
5.5 cm. In order to achieve the formation of a compact cell carpet within
an incubation time of 48 hours at 3?° C. 6 ml of cell suspension were
pipetted into each dish (140,000-160,000 cells per ml).

2. Aspiration Method

For th1is method we used the simplified "capillary impinger" accord-
inF to Rosebury (1947) (see Figure 1). The apparatus consists of a suction
bottle with a capacity of 500 ml, sealed by a perforated rubber stopper.
In the perforation, we have a 1-sw pipette whose tip ends about 3-5 rn
above the bottom of the suction bottle and dips into the washing liquid.
The suction bottle is connected to a Pfeiffer vacuum pump. The volume of
air to be transported depends on the dirmoter of the lower pipette oponing,
assuming that the suction force of the pump is constant; in the washing
bottles used in this experiment, the air volume was between 9.5 and 10.0
I/in. The air volume was measured with a gas clock.

In the aspiration method, the particles in the air are expelled due
to the high flow speed of the air in the pipette along the gl&ss bottom and
the water surface and they are enriched in the washing liquid.

In the experiments performed here, the washing liquid used was
Ranks solution + LE, modified in the Robert Koch Instituto (Honnoberg and
Kohler, 1961). Pj adding silicon anti-foaming agent (SH), we tried to re-
duce the foaming of the Hanks solution and to cut down on the loss of fine
water droplets, respectively, to prevont any coagulation of the viruses in
the solution. We weighed the washing liquid before and after the experi-
ment and found that the losses were quite minor. Besides, it was necessary
to add antibiotics in order to eliminate any accidental bacteria-containing
additions of air as much as possible.

Exporiments

1. -- !nn

To simplify the following experiments, the first thing we wented to
investigate was the distribution tendency of the aerosol. If it turned
out that the distribution was uniform, then we would have to take samples
at only one sempling point in the subsequent experiments in order to exam-
ine the ratios and condI tions here.

The plates were exposed at 3 different places in the chamber (do-signated 1. !1, and III in Table 4) for 10 ninutos, each, at various times,

more specifically, during atomization (about 2 minutes), right afterward,
and 30 /nut2s, I hour, 1-1/2 hours, 2 hours, 2-1/2 hours, 3 hours, and
3-1/2 hours after atomization. The rel-tive air humidity in the expori-mentation chamber was 40-50% and the teaperature was about 20-220 C.

1 0-



'a atomdzed 0.5 PLI of virus suspcnsion (titer: 5 * 107/ml) in 2 zdn-

utos, in other words, a total of 25 million viruses. If we assume that
every drop constitutes a CPE (cytopathogenic effect) on the cell layer,
thon the exporients prove that the larjo drops caused big CPE areas on the
first-cx-nocd plates (durinp and rirht after atomization) because of their S

stron, sedimentation te-xency, whcreas zialler droplets formed smaller CPE
spots. The values obtained for the CPE and given in Table 4 show that the
viruses were distributed uniformly throughout the chamber 30 minutos after
atomization. The amount of the virus quantity as well as the stronr dL-vel-
opmont of the CPE during atomization and it-.cdiatoly afterward (see Figure
7a) can be considered proof that large quantities of aerosol droplets werb
sedimontsd and that, under certain circunstances, they swept finer part-
J cles present in the chamber air along with them down to the bottom, that
is to say, finer particles which otherwise right have spread out much more.

Table 4. Virus Aerosol Distribution Tendency

Sampling No of CPE per Relative
Fxnosure Time Points Dish _Htidity Temoerature

Prior to atomazation
(empty control) 0 50% 210 C

Durinfg atomization I 0
+++ 52% 21 CIII

Irdately after atoniza- I

tion(10 rain exaolre) II ++ 53 21.10 C
Ill

30 m2n after ator3zation i 35 0(10 rmin exposure) IT 27 51 " 21.1 ° C

I hr aftor atomization 1 22
(10 rdn exposure) Ij 27 59% 21.2 C

II 17

1-1/2 hrs after atorruza- I 19
tion (10 -Jn exposure) T< 5 <9% 21.3 0 C

III 14
2 hrs after atomization I 10
(10 min exposure) II Vs 50% 21.30C

IlI 11

2-/2 hrs after atomiza- ! 9
tion (10 min exposure) II 10 50% 21.4eC

II 4

3 hrs after atomization I 5
(10 mdn oxposure) II 4 50% 21.5 C

III 6

3-1/C hr after atordza- 3 0
tier (10 nin exposuro) !I 2 50% 21.7 0 C

S-rbols: i-1 heavy CPE formation; ++ modorate CFE formation; 0 no CPE form-
ation.

- 11 -



In the preliminary experiments we had found that the yield is greater
when tho cell layers of the plates, which aro exposcd to the air, are pro-
v-ided with no moe than about i ml of modium; this was supposed to provent
drying out. Aftor the termination of the experiments, we pipetted 5 ml of
preservation medium in (Parker modium 199 arni 2- calf somm~)O'.cnneborg and
Koher, 1961). The plates thus charred with medium were placed in a C)
container aid the latter was placed in an incubator. After 3 days of
incubayion, the plates .wore examined for CPE. In those experiments we foundi
that the CPE on those plates, which were exposed 3-'/2 her-s after atomidza-
tion (see Figure 7o), could be read off easily only after the 4th or 5th
day. This is why the medium was chan~ed after the 3rd day of incubation in
order to preserve the cells.

We might add that plates were exposod in every experiment prior to
atomization in order to establish any viruses that might still be present.
These plates were calJled the "leripty cortrols" in the tables. In Table 4,
we have the results of these controls.

IA".

Fig Ua. Abundiant CHE formation in plates set up imma~ediately after atoviza-
tion of virus aerosol.

L- ~ .

-n"

Fig~~~~~~~~ 7b afhu ftraoiain

12.. ~



Fig 7c. On hour afe a'C'dzaio*

Fi .d Tw .or fe tida~n

Fig 7e. Onare hour hlhor after atorrdiaation

Mcosoi phoogap , red ,1.40)

*4' ~> ,. ~ I * I13 *
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UV irradiation of the experimentation chamber 24 hours before the
start of the experiments, in order to prevent any decontamination. proved
to be reliable.

2. Experiment

The suspension time, respootively, the sedimentation tendency of a
virus aerosol were now examined at one sampling point in the ch nber, with
the rest of the experimental setup remaininp the same. The results obtained
here are shown in Table 5. Table 5 shows us that no CPE could be read off
after 3.1/2 hours. To determine whether viruses could still be found in a
relatively long-lasting suspended state 3-1/2 hours after atomization, the
air was suctioned off for 5 minutes by means of the aspiration method (about
40-50 liters). Then the washing liquid was thoroughly mixed and a square
bottle was inoculated with 1 ml. After 3.-4 days of incubation, no CPE could
be found in the square bottle, The assertion that all viruses are sedimented
after 3-1/2 hours thus would not seem to be correct. Instead it would seem
to be more accurate to say that the limit of demonstrability is at 3-1/2
hours after atomization. It is to be assumed that the limit of demonstra-
bility depends on the "infection multiplicity" (that is, the number of in-
fectious vrirus particles in proportion to the number of available particles).
This infection multiplicity decreases in time, so that no more CPE formation
is possible.

If we want to examine the sedimentation conditions according to
Stokes' law, then we caui compute the drop velocity (W) for particles with
a diameter of 2.5 X 10- cm as follows:

2
9 $_

r = 1.25 • 10 " 4 cm

g = earth's acceleration = 981 cm/s 2

= g/cm
3

~= 2 • ~ cm sec
W = 61 cm/hr

If we keep in mind that the experimentation chamber is 51 cm high
this means that the particles were sedimented with a radius of 1.25 .i0- cm
within one hour, while the CPE, obtained up to 3-1/2 hours after atomiza-
tion, was produced by particles of smaller size.

-14



Table 5. Suspension Time ivnd Sedimentation Tendency of Virus Aerosols

Ant~hl ,h,r (P' H.An I "h r

a) pro ' ali~ftf.'iwhtn T"nprtur
(a) ....... (c) d). -

I.,k, t i|' (f) 2 '" 2
0

C "

Vn...I,, (8) +++ 83% 22°c .,

-,r.. ,, (h) + + '. 21,N'C
(if: Min. EIxlKnition)

3il . i xi mmiti onl

I SwntiI1 N'iVrmotbe't j4 (Q 27 64., 22*C

narh Vr, hiing (k) I9 6.1n, 22.3'C

:2 . t u nlI't

"h VrStt-mg26% 2,2P C

(10 Nk iroi t'
,,th Vcrrnwlin,. g (n) 9 60% 22.VC
I , .stu n i l , .

(tO Mm. E:Xl.,hon)

3, Ktm 'n~ineh Vern t|u,,R (n) 6 1110 2?, C
4in Min. Kxp.ito )

A-h \'in, lung 0 3 0 22,51',
IIOMin Fltp n)

Key: rFor Items a - o and Symbols, see Key to Table 4, above.'

3. Exo ,r i - cn t

in the experiment described below, we investigated the suspension
time of a virus aerosol, with the initial material dilgted in this case.
Repeated titration revealed values of about 4.3-5 10 /ml. The experi-
mental setup was the same.

Table 6 shows the results achieved hero. These results indicate that
no more viruses could be established 1-1/2 hours aftor ato.zation. F om
this we can conclude that, in the case of an aerosol with reduced titer, the
viruses can be establishb' for a shorter period of time only, that is to
say, shorter than for the case of an aerosol with a higher titer. The
reason for this lies in the fact that the existence of an "infection mul-
tiplicity" which would suffice to produce an infection -- a presence which
decreases over a period of time -- can be very s TAll, that is to say, v(..
rare in the ca-o of a virus suspension with a low titer.

- 15



Table 6. Sodimontation Tcndoncy of a Virus Aerosol with Low Titer

jri-t ,hr ]' x[' t~ n Anmhl ,,r CIPF IkInt. Ti' intritv

I-or Vvlvlmhmlg ,, o

(hA-rkotl rolo) M r A4, 22.2C

Whrnd drr Vcrnohrlung (g) -44 04, 22.3'C

Vfrh Verul 'whing ()+ ha -i'

erh Vi-14,whsig () 20 2i2. 22,3'C
(i0 Mim. ExpaitLon)

I Stunle nneh Vernobhung (j) 03% 22,

1.5 SUunden
newh Vrr4,tlun k 62% ' C

(10 lin, Eipositio

2 Stunden
nA.h V, ,e.ling (1) 01% 22'C
(10 ,Mhn. Exi~rition)

2,5 Stunden
S Ach Voinmbolung (i) 60%" 22'C
(h0 O li. Expoition)

3 Stunden
.nath Vernobehung (n) 0l"o 22*C

(10 Min. Exposition)

3,5 Stunden
nach Vemobolung (0) 0 40 22'C

(10 Min. Expomtion)

Key: rFor Key, see Items a - o and Symbols, Table 4, above.'

If we consider the "infection multiplicity," then we must figure out
the virus content of the droplets which are atomized in a virus suspension
of 0.5 ml.

The number of droplets contained in 0.5 nl of atomized virus suspen-
sion is computed as follows:

X V

X Number of droplets
V = Volume of virus suspension atomized
V1 = Volume of a droplet

The volume of a droplet can be computed according to tne iollowing

equation (assuming that the droplets are spherical and have a radius of

1.25 • 10- ):

V, 4 -r' -- * 3,14- 1,258, l(P-1 ml
3 2

- 16-
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The atomizod volume of 0.5 ml virus suspension thus corresponds to

a droplet count of:

N 6,jr I II'

The nu:ber of viruses in 0.5 ml virus s :sponsion was 2.5 ' 107

(titer: 5 6 10 7/ml). This brin-s us to the question as to the volume of
the viruses contained in the droplets:

1. when we hlave a titer of 5 " 107/ml,
2. in the case of a suspension with the rather low titer of

5 • 10 /m1.

In connection with (1), we can say the followine:
q l , Iii' II'.

that is, that we ill have 1 virus in a volume of 2,460 droplets, assurdng
that the viruses are uniformly distributod.

In connectio with (2), above, we can say the folloi-,ng: If we have
a titer of 2.5 •10 /0.5 ml, then I virus will be contained in 24,600 drop-
lets.

Those data tell us sonething about hot; rreat the difference can be in
the virus content of the dronlets at various titer levels. ".U, can therefore
assume with some dcgree of probability that the short suspension time of
particles in a virus suzcnsion with a lo- titcr can be traced to the do-
monstrability of the "infection nultiplicity" which in this case would not
be sufficient to cause infection. The above colu-n graph (Figure 3) is
interndod to illustrate the sedimentation ratios for various titers.

4. Rxner14 -nt

In this exocriment we investigated the influence of the reduced
relative humidity (for the method used, 'ee furrulas g<iven above). Table
7 shows us the result3 obtained hero. As cxpccted, the viruses revealed a
quantitatiJ-ly snall sedimentation tecr.cy ;hen the relative huidity was
low while the suspension time remained the sano. The virus concentration in
the chamber thus decreased more slowly when the humidity was lower and this
is probably duo to the faster evaporation of the outer envelope of the virus
droplets, that is to say, it may be due to the faster shrinkage of their
circumference and also of their sedimentation speed.

IA
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Table 7. Sodimon'tion Tendency of Virus Aerosol at
Roducad Relative Air Huidity

AA h| ,r CUP'h 1(,.ht ,%-
&It d-Ir FAI.tIO-1 Ah'alhr(II Tp'rni.rntur

(g) 2. C _
'~mwt h-lHnr

1tmeh \'Vurll.h,, (h) On' 12% 2. 31 C
( tO , hnU. i;xpoAt~on)"

nnr)h Verm,,-IMIWo (i) 1. 1" 222.'C
(U)I Nm E;xl OMdion)
I , t II?14('

nnch Ve.niIun' (j) 20 20% 22,3'C

(Il 0 mg. 1, xpnitton)

I11 'M i. lx 'o.ition)

2: Siurje

n.1 211n1lr

{ Mm. xpxO tion)

nnrh V,,rl hling (MI) 7 14 ,22,6'C
(11) Mi~n. Expo.altton )

3 fttsn,dlrn
nach Vrnwlw1Nng (n) 4 IP", 2.A'C
(10 Min. Fxrl'-i.tinn)

3.l5 ,St mpl,n

(1I0 Min. E)p L~n
L

Key: rse Key, Table 4, abovel

5.Riporiet

Here we wanted to investirate the influencb of ii-eu-asod relative
nuiidity on the suspension timo of the virus aerosol. Thne cxpcrimental
setup was the same. T achievo the desired relative hu;-idity, we sprayed
Aqua dest. which had been heat-d t 20 C, ;nto the cha - bcr fron a spray
bottle. In this connection we hxd to male sure that the vater droplets
necessary for the generation of the air hu-Lidity !ad already been sodi-
montod prior to the subsequent virus atomization. The air hundity was con-
trolled durin- the experiment with a hyromotcr. Table 8 shows us that
during the first 30 minutes, when the humidity is high, considerably more
virus droplets were sedimonted than when the humidity was avora-o or low.
Durinr the following interval of time, however, we were able to observe a
cont+inual drop in the sedimentation rate. The large nunbor of viruses 'hich
were sodimontd during the first 30 minutes after ato-iization caused a
rapid reduction in the virus concentration and, as a result of this, also
a reduction in the suspension time. This oeporiment and the preceding ex-
periment show us that humidity plays a very important role in the sodinen-
ation tendency. Figure 3, above, constitutes a graphic illustration of the
conditions examined here.

-18-

f=



Table 8. S'-imontation Tenlcncy of Virus Aerosol at
Increarsed Rclativo Air hu-dity

7.l hrit :~~t AtirnhI -1r iTI Hlnit T eiiiprntuar

.... -li V - -1 mgitII,.. , ..." ,
.I.l ) - __t,__1

\ I .... '~h, V , ..... i. (} ) 4 -' h F),, 21,F'C
1 n u n ll i - n V \ n, r , -l . ' I , ,

(Il Mni , ' t n ) ( i )

I.!n , u " n , ,t 'h N n .nn , 1 -.-1 "Kin g 2 11

l n . n. , ... rI p , O nlo (k

'n-hn V'_'ixn,.ti I (1) 1i A, 1C 
-

Sltinld,.1 tin,- It. ,. .hiwi Iing h0% 20.7C

Ill,-IM n. FXjlciit,on) (0) "

Key: rSe Fey, Table 4, abovol

Hci o we investiated the virus count for various h-idhts of chanbor
air rabovo th( chx-ther bottom For this nUro o the air was suctionod
off at hoi7hts of 35 cn and 55 crn (sce a:piration method). To detcrMne
vhother air eddies are formed as a result of the fact that the suction
bottle is connected in at a irhcr hcht level -- aix eddies whch t'iht
havc an effect on the results of tnhe bottle uctiornr. in the low-er layer
-- we performed a number of control e&: ri-Onts. In two separate experi-
rents, air samples were taken first of all it a height of 35 cm and then,
In the other cxrer:iment, at a hciht 0: :b CM, I hour after atomization.
The results obtained hero revcaled only very inor differences compared to
the experiment with the two suction bottles; this means that we were able
to prove that the jointly operating su.ction bottles do not influence each
other.

To ostablish the viruses prcscnt in the washing liquid, we removed
1 ml of "-ashirn< liquid from each suction bottle and we used this quantity
to inoculate five r uar bottles. The count of the CPE in the upper suc-
tion bottle roveal(- avcrac values of 21 viruses per rl. The count of the
CE in the lower suction bottle gave us averages of 58 viruses per ml. This
mnans that the virus count drops as the height increases and the sa.ie ap-
-lies to the infectiousness of the air.
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Dot-ermit°tion of rmist PnrtT,,- Irfeetc, v~th T Phr. es
3-

The vaccino viruses have a relatively high doroo of infectiousness
arx can cause impairment of health in the person conducting the experi-
mrenntul we therefore relected T3 phages as exporimontal models for the next
part of our project.

Sedimontd, miroorrani ;1-eoutt~ rn- dust particlec. can, for instince,
stick to wool blankets or to other surfaces in the sick room. ry moans of
various typas of handln-, such as shakdnc out or movin blankets, infoctc(i
fibers can get into the nir. Dust particluL, with infectious microorganisms
sticking to them, can Al be rendercd capable of suspension as a result of
air curroi~ts duo to the opening or closin of doors. The followins part of
this study is therefore of particularly great practical importance.

It was intorosting to find out hero just hov long dust particles can
b. determined in the air and how they behavo at varyin7 heights and in vary-
ing places throughout a room. In this kind of problem we are not so much
interested in determirdn the size of the particles or in studying the in-
fluenco of the humidity and the room temperature; likew-lac, we do not re-
quire an atomization of particles with a certain size in studying the prob-
lem we are concerned with here.

Yhterrtal and t'ethots

The experiment was conducted in a lari-e, blacked-out laboratory room
(height: 3.5 m). Dust from a vacuum cleaner was . fcreened several times and
was sterilized for 3 hours at a temperature 150-160 C, in dry heat. The
sterilized dust was mixed in a Potri dish with a T, phago suspension (titer:
4 - 10 8 /mVl and it was then dried for several weookS in an evacuated, CaC.2 -
containing xsiccator. The dried dust was removed from the surface of
the dish and was then ground in a mortar. For ato-ization, 0.5 g of the
infected dust was finely distributed over a large surface and a dust cloud
was then produced by means of a pipette which was connected to a compressed-
air pimp. The change of the concentration of the particles in the room was
determined by means of the sedimentation method.

For this purpose we used Petri dishes containing blue-agar; these
dishes were inoculated with coli strain "Bl/am" (bacteria sensitive to T
phages).

The dishes were exposed at the following points throughout the room:

1. taddle of the room, floor
2. Right side of room. surface of wash basin
3, Corner of room, 1.5 m below the coiling on a shelf
4. Left side of room, I m above floor on a table
5. Left side of room, corner, 0.5 m above floor
6. Right side of room, corner, on a stool
7. On the door
8. On the floor, under the table
9. aiddle of room, I m above floor
10. On windown
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-Me exposuro tdrnos wero 1, 2, 3, and 4 hours aftcr atondii~tion; vach
Petri dish was exposed to the dust, clou'i for 20 ndnutes . After terrdi:-tion
of the cxperinent, the closed Petri dizhez were keopt for 24 hours in i-
incub-ator at 370 C and they wore then photo~raphc-i'with a camera connected
to the plate microscope. 'Die platcLs rplaruos' formed by the T3 pharos' and
the polyrorrhia of the dust will be cxplairncd in connection with the
illustrations.

Another possibility for obrervation wan createod with th e help of a
lamp which Feneratod ray bundles in the darkened room. The processes tak..
in, place during this phase wore likewise photof~raphod,

R sn 111

I would first of all like to repnort tlw fimiin-,n T-vide thrcwihout the
cntiro experiment 17f the obserer -- nrovided with headr,7cnr, nouth protection,
andi protective clothing - with the prev-iously- n,,ntioncd lig~ht source in-
staliod to the &;ido.

j ?rior to atomzization, dust particles could be hard4~ rrcocgnizcd in
the li-ht corn-in-, in -from the zide (fca Fir-urea) Ri-ht after atomiza-.
tion, one could see a thiuck cloud of partdccs a)lo-, theM -ntiro len,-th of
the 1i,-ht rny andi this cloud was distributol in all direc-tions throu- hout
the roo-i af ter rapid notions (son, f--igurc E3b); 340 r-inutes after atom-ization,
it was possible to obocrvo a hip h ic-reo of particle sedi-.entation (Isee
'7uro Bc). As littlo as 1 hour after atomiz-ation, we had an extraordinar..

irstrcai- concentration decrease a nd we ce-16 eb-scrvc a uniforn distribui-
tion of he particles, over the entire roo-n (sec :-i'ure 8e. ne -.i '-!t mew,
e~mct* that the air currents, brou:-ht about by, the conotant mevemcmt of the
ooservcr in the room as werll an b-,r the intcntdonai oponin: and closinr of
the door three times, would have caused the dust particle,4 to be distri-
buted unevenly.

Fig Sa. Con~ition or--nrmnaio ompirt (toriat on.Csu r-

~ tIT1iREPR~i
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-ft 8b. 1ovornont of dust particles photographed tLrediately after atomiza-
tion (Dcposuro time: 1/5 Sec).

................................. .

Fig 8c. Increased nur-bcr of iodinontin- dust particles, 30 rdnutes after
atoreization (!Yvposure time: 1/5 sec).

Fig d. Pnoto taken 30 minutes after atordzation, 0.5 m below ceiling of
room, showing small quantity of dust particles (exposure tire:
115 see).
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Fig 8e. Photo taken I hour after atomization, 1.5 m below room ceiling,
showinp completely uniform distributio1 of duut particles (expos-
ue time: 1/5 sec).

The observations made at various height levels throughout the room
revealed the followin-:

At 30 iinutes Rfter atordzation, the dust volume 0.5 m below the
coiling of the room was at a minimum (see Figure 8d); this can be explained
by the abovezentioned heavry sedimentation; I hour after atomiration, a
sruller number of dust particles was observed 0.5 m below the ceiling than
1.5 m below the room ceilirg (see Fig 8e). This can probably be explained
by saying that the lar-est quantity of dust particles at that time is al-
ready in sedimentation: 90 minutes after atonization, the situation was
exactly opposite of what it was earlier, 0.5 m below the room ceiling, that
is to say, that there was a relative increase in the quantity of the part-
icles as the hoirht increased. This phenomenon can be explained by saying
that t-he uniform distribution of the dust particles, which had already begun
at that moment, enabled the dust to continuu to be suspended in the room, in
the air, in spite of the laws of gravity because the particle number in the
volume unit is r reator in the lower layers than in the higher layers and
because an air volume streaming upward from below will move more particles
to the higher levels than an equally large volume of air, cordng from above,
can carry downward.

The reslts achieved with phages in this experiment are shown in
Table 9. The table shows that there was a very rapid drop in the dust con-
centration i hour after atomization. The quantity of the phages that had
dropped into the dishes was just about uniform in all phages; 2 hours after
atomization only very few phages could be established and 3 hours after atom.
ization the number of phages that could still be determined bad dropped to a
minimum; 4 hours after atomitation, none of the dishes exposed revealed any
phages.,
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Table 9. Sedimetation Tendency of Dust Partioles Infetad
With T, Ph agee n a Laboratory Room

p t (b) Angahl der rho,"n

I St. nech 2 Std. nach 3 Std. nach, 4 td. nwh

, -+ 4 2 •
3. + ! i l
3. + I a
4. + 1 2
5. + 4 2 0
6. 4 4 3
7. + 2 I '
A. + 4 0
9. + 2 I 0

10. + ! ,0 0

Key: a. Places at which Petri dishes were exposed (see Fig 8e)
b. Number of phages + Number of phages exceeded
.. One hour after atonization the limnt of oountability
d. Two hours after atomization 0 No phages could be
e. Three hours after atomization established here
f. Four hours saer atomization

It is interesting to note that the findings made with the help of
the Inooidng light, as shown in the photos, agreed completely with the re-
sults obtained on the basis of the observations of phage growth on the ex-
posed Petri dishes.

Discussion

Diseases such as smallpox or diseases of the respiratory tract,
L.easles, or varicella can be caused also b the fact that the viruses
reach the human organism by means of aspiration through the respiratory
tracts. In this kind of infection, the suspension time of the microorganism.
bearing particles ii, the air constitutes an important factor. In order to
deterrdne how acrogenie viruses can be cminunicated and can thus cause in-
fections, we must learn more about the physical magnitudes which enable the
particles to remain in suspension. This kind of suspension state assumes
particular importance in the dust particles because the latter have a large
surface and are quite bulky, although their mass or weight might be rela-
tively smaller.

If the droplet nuclei (see Nate)(Gordon and Ingalls, 194-6) are sedi-
mented, then they may get into the air again together with dust particles
or they may stick to these dust particles (air-borne ur dust-borne infeo-
tion)(see Note)(Gordon and Inga s, 1964).

(rotel These are factors which are often mentioned in British and
Amerloan literature but for which we do not yet have ar definitive terms
in the Oermn language.)

- 24 -
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Fig 9a, b. c. Plaques of dust particles charged with T, phages. The photos
show the polym~rphic aspect of the dust, dust particles inside ths. plaques,
as veil as those that did not produce ar pW '~s (Microsoopia photos,
enlarged 1:33)
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rig 9d. Negative result after 4 hours.

The so-called "dust-borne" infection phase aoplies in viruses which
remain on dust particles for a long time; this is true of the viruses of
maflpox, psittacosis, poliomyelitis, influenza, and measles (Schietske,
1961).

The data developed experimentally in Section B, above, reveal that
dust particles charged with T, phages are sedimented considerably faster
than was the case in the droplet phase (considering the amount of the
volume and the environmental conditions of the experimentation chamber, on
the one hand, and the identical conditions in the laboratory room in which
the dust phase experiments were conducted, on the other hand). We can ex-
plain this as follows: the T phages are probably mostly connected with
coarse-dispersed dust partlnldq. This is supported by tho rather striking
decrease in the aerosol concentration due to the sedimentation of the large
dust particles during the first 30 minutes after atomization. However, this
may lead to the possibility that a certain bacteria volume might not be con-
nected with the dust particles (see Figure 9a, b, c) or that the bacteria
lost this contact or connection at the time of atomization - which, in turn,
meant that individual Tphaes present in the air could not be spotted.
If we were correct in assuming that the phages lost their contact with
the dust particles during atomization, then the time of their stay in the
air would be the same or it even exceeded the time involved in the droplet
phase because we found salts and other substances on the surface of the T3
phages in the droplet phase after the complete evaporation of the outiide
water envelope; these salts and other substances had been present in the
drop and thus caused a faster sedimentation to take plaoe.

Let us now correlate the experimental results with the factor, that

4 enter the picture in the sedimentation of aerosols.

The suspension time is determined by the following factors:

1. Shape and Size of Particles

(a) Shape of Particles

It is asumed that the particles are spherical and this is probably
quit* oor eot, with some degree of probability of course.
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(b) Particle Size

This factor is very important for the duration of suspension and for
other events which will be mentioned later on; this factor, in turn, depends
on other forces:

One very important factor which is yet to be studied theoretically in
the coagulation of -art"cles as a result of Brown'b movemen*.

In Russian literature on the subject (Bolotovskdy, 1961), we car. find
a formula which tells us somothin about the coagulation of the particles
as a result of Brown's movement. The solution of this formula calls for the
average diameter of the droplets produced by the nozzle. Unfortunately, we
do not know the exact average value for the particles (see Material and
Methodology used in Preliminary Experiments).

Furthermore, Shishkin (1954) showed that, if we have a particle dia-
meter of 2 mu, there is a decrease in the number of particles due to the
so-called "Brown coagulation"; this decrease amounts to 50% within 70 hours.
If we keep in mind the theory developed by Remy (1949) - to the effect that
the extreme size which the particles may have can be eop- eased in terms of
a diameter of 2.5 # 10-4 cm, and if we consider information supplied by the
Drager Company according to which the averge of the nozle-generated drop.
lets does not exceed a diameter of 2 . 10 - - then we can say that the
coagulation of the particles on the basis of Brownta movement has no signi-
ficance at all.

One factor, which in actual practice corresponds to the effect of the
drafts in rooms and corridors, is called te turbulent coagulation (3olotov-
skiy, 1961). Ey this we mean a rather forceful coagulation which is the
result of uneven air movements and which car cause a change in the particle
size. This form of coagulation, however, need not be taken into considera-
tion in Section A because its effect extends only over a rather short inter-
val of time during atomization and because such uneven air movements can be
avoidmi if we proceed cautiously in handling things in the chamber or room.
A coilision of the particles on the basis of the diffirences in the drop
velocity can be ruled out according to the compitations of Langmuir (1948).

One ;xtromoly important factor is the coagulation of the particles
on the basis of their electricl charge (Bolotovskiy, 1961). There is
nothing we can say about the effect of electrical coagulation because the
electrical charge of the particles was net investigated. The assumption
that we get unipolarity if we artificially produce aerosols can just about
be ruled out. But we can assume with some degree of certainty that the
suspended particles are charged after a certain time even when we use arti-
ficial or synthetic aerosols; they are charged here when they adsorb gas
ions from the air. The charge process here can be understood as a process
of diffusion of the small ions into the particle (Kuhn, 1948). In this con-
nection the particles take on a boundary charge which depends only to a very
minor extent on the level of the origiral ion density. If this were the
case, then one would have to anticipate a ohange in the particle size.
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2. Relativg Itimidity

Our experimmts showed that relative humidity bas a great effect on
the suspension time of the particles. As a result of the experiments we can
say that a high virus concentration is preserved longest when the air hum.
idity is lowl this is due to the faster evaporation of the outer layer of
the virus-containing droplets, that is to say, the faster reduction of
their circumference and thus also the faster reduction of their sadimenta-
tion speed. As the humidity increases, the speed of evaporation decreases
and the droplets are sedimented faster.

The size of the particles influences not only the suspension time
but is also critical with respect to the places throughout the respiratory
tract where these particles are aoposited. According to Noble, et al (1963)
the diameter of human-pathogenic suspended particles is between 4 mu and
20 mu. The following data are available with respect to the deposit of a
polydispersed aerosol in various parts of the animal respiratory systems

In rabbit experiments (Buckland, et al, 1950), it was found that,
when an aerosol with a particle radius of 0.5 mu is inhaled, 29% of the
particles are dcposited in the nasopharynx, 13-19% are deposited in the
windpipes, and 51-58% are deposited in the pulmonary alveoli. Particles
with a radius of 2 mu could be determined in the nasopharynx to the extent
of 65% and those with a radius of 4 mu were found to the extent of 98%.

Mouse experiments (Shoshkes, 1950) revealed the following particle
distribution over the bronchia, the bronchial alveoli, and the pulmonary
aoveoli: particles with a radius of 0.2-0.62 mu were found to the extent
of 26%, 32% and 42% and those with a radius of 1.46-1.88 mu were found to
the extent of 48%, respectively, i5f.

On this basis, we can conclude that the inhaled particles of the virus
suspension will penc trate all the more deeply into the respiratory tract,
the smaller their circumference happens to be.

3. Virus Content of a Droplet

In the experiments we found that viruses can br estAblibhed in an
aerosol with a higher titer for a longer time than In an aerosol with a lower
titer. If we want to determine the virus content of a droplet when we have
a certain titer, then we must first of all compute the volume of a droplet;
this can be done with the help of the formula given earlier.

Explanation:

(a) This probably has something to do with the "infection multipli-
city," that is to say, with the number of viruses necessary to trigger a
cytoopathogenic effect. This means that, if we work with aerosols with a
high titer, there must be a possibility for a greater "infection multipli-
city" than in the case of aerosols with a low titer.

(b) The probability of demonstrability tends to decrease over a
period of time to a much greater extent when we have a low titer than when
we have a high titer.
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We irdght mention the followinr places where infectious aerosols can
be generated and from which they might spread in actual practice.

(a) First of all we have the hospital environment here where the
droplets get into the air whenever patients or other virus carriers sneeze,
cough, or talk. Here the air, as the carrier of the viruses, plays an im-
portant role in the vicious circle of hospitalism (Honneberg, 1963). This
is why it is extraordinarily important to educate and inform all persona
involved (among others, Henneberg, 1961). The fact that the communication
of hepatitis, which currently is probably the most frequent disease en-
countered under hospitalism, can take place also because droplets separated
by patients get into the air and perhaps come to adhere to some of the rou-
tine instruments used in the hospital (probes. tweezers, catheters, syringes,
etc). f.Ully confirms Henneberg' s attitude toward this problem also with re-
spect to the importance of educating and informing everyone on this topic.

Finally we might mention here the prevention of aerogenically com-
munioated infectious diseases in pediatric clinics. Here it is very import-
ant to set up individual cubicles with no more than 2 beds and to see to
the decontamination of the air in rooms through UV irradiation, the elimina-
tion of any other co-imunication possibilities such as door knobs, water
faucets, etc, through the introduction of elbow-operated or foot-operated
fixtures and devices. In 1965, for instance, I found out that the infect-
ious disease department of the Berlin-Charlottenburg Municipal Children's
Clinic (Prof Dr '4iesener, Clinic Director) was able to achieve considerable
successes here.

(b) Infectious aerosols can originate in many ways in the laborator-
ies (Albrecht, 1961). Just about any work operation or activity can lead to
the formation of an aerosol which may under certain circumstances be in-
fectious. Here the source of origin of this aerosol in most cases is not
far from the nose and the mouth of the persons working in the laboratory.
This mostly involves a polydisporsed aerosol which can develop whenever
rapidly moved liquids are suddenly braked very severely when they encounter
an obstacle and when these liquids are turned into a form of spray as a re.
suilt of this. Generally, we only have very few particles with the kind of
size that would cause them to remain in suspension even if the air wore
calm. The virus-carrying particles become capable of suspension in the
following way: either the liquid made up of larger particles is quickly
evaporated in the dry laboratory air or the viruses, sprayed over the sur-
faces, are carried into the air after drying, together with dust particles
or in a situation in which they stick to these dust particles ("air-borne,"
respectively, "dust-borne infection").

Infectious aerosols can develop in connection with the following
operations in the laboratory:

1. When we mix virus-containing liquids by means of pipettes or when
these liquids are blown out of the pipettes, we get an aerosol which not
infrequently consists of numerous droplets.
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2. If we use an annealed metal loop for inoculation or for other
handling of cultures, then we might tear the liquid film in that loop if we
move it rapidly through the air and we can thus infect the air. Further.
more, we can get aerosols in the annealing of loops, when we submerge hot
loops in liquids or due to the vibration of loops, for instance, when we
spread cultures on slide-.

*3. Whon liquid germ or virus cultures are moved forcefully and

abruptly in aritators, mixers, fermenters, syringes, or as a result of
agitators or ultrasound or perhaps in centrifuges, we can also get aerosols.
If the culture containers are closed off, then the aerosol will not escape
until the container is opened.

4. When we work with mortars and similar instruments to grind up
solid virus cultures or infected materials we can likewise form an aerosol.

5. There is furthermore a possibility that the microorganisms might
escape into the surrounding room air in connection with the dry-freezing
method, both during drying as such and during the opening of the glass yes-
eels which are under a vacuum.

(c) Infected experimental animals in the animal stable (for instance,
psittaoosis, spotted fever) oonstitute a danger source of the first order.
The elimination of the animals causes the stable air to be enriched with
virus-containing droplets, respectively, infectious dust particles. The
animals keep moving around constantly and they therefore keep the dust, in.
footed by their excrements, constantly stirred up and in motion.

It is extremely difficult to answer the question as to whothe- awo-
genic virus communication is possible in the open torrpln, for instance,
when the windows of a hospital room are opened or when we air out laboratory
rooms in which we work with infectivus materials; likewise, it is difficult
to say whether the already experimentally established anomochoria
(Weltzien) (aerogenous communication of plant-pathogenic fungi) also
applies to viruses. If we look at the conditions under which viruses are
transmitted in enclosed areas or rooms, then there is much more of a pro-
bability of aerogenic infection as the suspension time of the particles in-
creases. The suspension time again, depends upon the air movement, that is
to say, if the air movement is uniform, the particles remain suspended
longer. If the air is stirred up, then the aerosols are sedimented faster
and they are then converted into aerogels. They stick to the surfaces until
they get back into the air the next time the air is stirred up.

The situation however is entirely different in the open terrain.
Here practically all air currents produce eddies which are caused either
by boundary layer drift or by obstacles (houses, rooms, etc). This phenom-
emon accordingly can extensively cancel out the effect of the laws of grav-
ity with respect to a dust particle in the atmosphere. Of course, the
altitude of particle flight can be practioally unlimited here. The dilu-
tion of the concentration of particles, developing here, increases as the
flying altitude increases and we can therefore assume that we will have a
decrease in the probability of infection in the open terrain. On the basis



o these theoretical possibilities we might say that the possibility of
virus communication in the open terrain (for instance, near hospitals)
would seem to be oxtromely small. Of course, we must not overlook the re-
sistance of some virus types on rtol dust because it would at any rate be
possible that this property might promote a transmission of the particular
viruses under certain circumstances.

Compared to the study of the aorogenous communication of viruses in
enclosed areas, an investigation of virus transmission in the open terrain
would encounter by far greater difficulties -- to begin with, in regard to
the possibility of identifying and determining the presence of these
viruses.

US 8A ,

In order to determine the laws of the propagation of viruses by
aerosols (dust,droplots), eoxerimont-s on particle sedimentation were made
under various conditions involving particle size, relative air humidity,
and air teriperature. As sdel viruses we used T' bacteriophages beewe.
the demonstrability is rather easily achieved 3 here and we used,/vaccine
viruses beee~wa the" aaw partioularly interestiAg under our Conditions.
A number of methods hed to be tested in order to establish the presence of
viruses in the air. It was possible to identify viruses, which were sedi-
mented with dust or droplets, up to 3-1/2 hours. Conclusions as to the
propagation of viruses are drawn on the basis of the experimental results.
Piblicir aphy

1. Albrecht, J, "On the Quantitative Determination of Germs in the
Air$" m rArohives of ,tgienel, 139, 109, 1955.

2. -- "Throats Due to Infectious Aerosols in the Laboratory,"
Fort.schritte der biol Aerosol-Forschung rAdvances of Biological Aerosol
Research', p 178, 19;2.

3. Anders, d., "Epidemiography of the Introduction of Smallpox
into Europe," Abhandl a d Bundes[:(sundheitsa't rTreatises at the West
German Public Health fficel, No 7, 9, 1963.

4. Bellett, A.J.D., Use of Fardee's 002 Buffer in Plaque Titration
of EMC Virus, Virology. 10, 285, 1960.

5. Bolotovskiy, V.M., Theoretical Premises of the Work of the IBK-I
Aerosol Chamber for the Study of Experimental Respiratory Infections. I.
Dynamics of the Work of the Aerosol Chamber, Vop Virus, 6, 454, 1961.

6. Buckland, F, et al, Nature, London, 166, 354, 1950.

7, The \lest German Minister of Public Health: Decree I A 3-4212-
162-2408/63, dated 19 August 1963, concerning the eradication of smallpox.

- 31 -

.... .n... 

ow 

m



8. Carlson, S., Ius-ann, K.H., Huter, J, "On the Filtration of
Viruses from the Air," Zbl biol Aorosol-Forsch rCentral Jro-rnal of Biolog-
Ical Aerosol Research', 9, 3A, 1960-196i.

9. Ferry, R.X., Farr, L.E., Hartman, M.G., The Preparation and
Yo-asuroment of the Concontration of Dilute Bacterial Aerosols, Chon Rov,
44, 389, 1949.

10. Ferry, R.M., Farr, L.E., ot al, A Study of Freshly Generated
Bacterial Aerosols of Micrococcus candidus and Escherichia coli, J Inf Dis,
88, 256, 1951.

11. Gaidamovich, S.J., Vlodavets, W.W., "Determination of Minimum
Influenza Virus Concentrations in the Droplet Phase of the Aerosol,"
Vop Virus rProblems of Virusologyl, 3, 349, 1963.

12. Gordon, J.E., Ingalls, T.H., Photofrraphy of Air-Borne Particles
During Bactoriological Plating Operations. J Inf Dis, 78, 238, 1946.

13. Guckor, F.T., O'Konski, C.T., Electronic Methods of Counting
Aerosol Particlos, Chom Rev, 44, 373, 1949.

14. Heicken, K, "ractice of Smallpox Control," Abhandl a d Bandes-
" esundhitsant, No 7, 1963.

15. EenncberiT, G., "Hospitalism, a Problem of Education and Inform.
ation," V:edizinal-.Markt rThe Medical Harket', 9, 284, 1961.

16. Henneberg, G., Kohler, H., Praktikum der Virusd inostik
rpractical EDxrcises in Virus Dia;fnosisT, Gustav Fischer Publishers,
Stuttgart, 1961.

17. Henneborg, G., "Controlling Hospitalism from the Viewpoint of the
Ryrienist," Die Anes Karll Shwostcrn rThe A~nos Karll Sisters), 17, 130,
1963.

18. KIiewo, H., v -Iasielowski, E., 1 r1yGieno Journall, 134, 1,
1952. "Physical Properties of Virus-Killinx' Aerosols and Artificial Virus
h sts."

19. Koch, R, in: Handbuch nathorener I'dkroor.-anismen rPAndbook of
Pathogenic icroorranisns- , by I:ahn, ".X., 37, 533, 1929.

20. Kuhn, A., Kolloidcle-dschos Taschenbuch rolloid Chemistry

Pocketbookl, Leipzig, 1948, pp 287-290.

21. Ianr..-nr, J, J Yeteor, 5, 175, 1948.

22. MacCallum, F.O., Airborne Spread of Smallpox. Symposium Interna-
tional gur !a Vaccination antivariolique, Lyon, 7-9 Dec 1962. Section per-
manmite de stanuardisation t.ologique Ass Int des Soc Nicrobiol.

-32-



23. Noble, W.C., LidWoll, 0OM., Kirn-ston, D, The Size Distribution
of Airborne Particle. Carrying Icroorganisms, J fbrc, Camb., 61, 385, 1963.

24. Pardee, A.B., J Biol Chem, 179, 1085, 1949.

25. Reitman, M., Wedur, A.G., Microbiological Safety, Publ Hith
Rep, 71, 659, 1956.

26. Remy, Lohrbuch der anor ischon Chemie rTaxtbook of Inorganic
Chemistry', Vol I1, 4th5thEdition, Leipzig, 1949.

27. Rosebury, T,, Experimental Air-Borne Infotion, Baltuire. 1947.

28. Schwetzke, A.M., "The Epidemiology of Hospitalism,, Medizinal-
YMrkt, 9, 285, 1961.

29. Shishkin, N.S., Clouds, Rainfall, and Electricity Thunderstorms,
Moscow, 1954.

30. Shoshkes, M. et al, Arch Indust vyg, I, 20, 1950.

31. Sirgensonr-Straumanis, Kurzes Lohrbueh der olloidehemie
rShort Textbook of Colloid Chestry', p 268, p 270, 1949.

32. Weltzien, H.C., "The Propagation of Plant Diseases Through the
Air" (lecture). Report on the 4th Aerosol Conpress in Bad LippspringA,
Wostphalia. Fortschritte der biolo 'zchen Anrosolforschua In den Jahren
195?-1961 rAdvances in Biological Aerosol Research in 1957-19611, published
by Nuckel, H.

33. Meiklejohn, G., Kempe, C.H., Downie, A.W., Berge, T.O.,
Vincent, L. St., Rao, A.R., Air Sanpl n to Recover Variola Virus in the
Environment of a Smallpox Hospital, Bull Wld 1Qth Org, 25, 63-67. Air
samples from a hospital station with smallpox patients was examined for the
presence of viruses. Quite surprisinly, viruses were found in only one
sample and all of the other tests remained ne"ative.

34. Dahlgren, Ch.M., Decker, P.M. and Harstad, J.S., A Slit Sampler
for Collecting T-3 Bacteriophage and Venezuelan Equine Dncephalomyelitis.
(It was possible to establish a sufficient number of T-3 bacteriophage part-
icles in the infected air with the help of the slit sampler., Appl Microbiol,
9, 103-105, 1961.

35. Harper, G.J., Air-borne microorganisms: Survival Tests with
Four Viruses, J Hyg, Camb, 59, 479, 1961.

36. Hommes, J.H., Winkler, K.C., Koo], S.M., Viru . Survival as a
Seasonal Factor in Influenta and Polior'olItis, Nature, 188, 430-431, 1960.

Jakob Petmezakis, Robert Koch Institut, I Berlin 65, Nordufer 20.

- 33 -

C _ _I___ I . . .. . II. . . . _ __ -_. II


